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(54) Integrated air control valve using contactless technology 



(57) A control valve assembly (1 0) for the rotary or 



linear actuation of control valves (1 6) using contactless 
technology and the use of direct integration of electronic 
componentry into a lead frame interconnection assem- 
bly (18) includes a contactless motor, a control valve in 
mechanical communication with the contactless motor 
(14) through a gear system, and a lead frame intercon- 
nection assembly having electronic componentry rele- 
vant to the contactless motor and the control valve inte- 
grally formed therein. The contactless motor includes a 
commutator magnet disposed on a rotor shaft thereof. 
The commutator magnet (46) is in magnetic communi- 
cation with at least two commutator chips (48) integrally 
formed with the lead frame interconnection assembly. 
The control valve includes a throttle element (26) dis- 
posed in a throttle bore, an output shaft (20) depending 
from the throttle element, and at least one position sens- 
ing magnet (38) disposed on an end of the output shaft 
distal from the throttle element. The position sensing 
magnet is in magnetic communication with at least one 
position sensor (44) integrally formed with the lead 
frame interconnection assembly. The throttle element 
may be a throttle plate rotatably positioned within the 
throttle bore, or it may be a linearly translatable device. 
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Description 

TECHNICAL FIELD 

[0001] This disclosure relates to the actuation of con- 
trol valves, and, more particularly, to the rotary and lin- 
ear actuation of control valves using contactless tech- 
nology integrated with control valve actuation mecha- 
nisms. 

BACKGROUND OF THE INVENTION 

[0002] The use of motors in numerous consumer ap- 
plications leads to a desire for more reliable, efficient 
and cost effective manufacture and fabrication of the 
motors. The utilization of multiple pole motors (e.g., 
brushless direct current (BLDC) motors) as rotational or 
linear actuators for use in air flow control valves poses 
problems that are oftentimes inimical to the efficiency of 
the motor manufacturing processes. Onesuch problem 
results from the fabrication of a complex machined sta- 
tor assembly of the motor. Such a stator assembly re- 
quires detailed, expensive, and labor-intensive manu- 
facturing operations. Furthermore, such a machined 
stator assembly is commonly machine wourid and in- 
stalled into the housing of the motor and is not readily 
or easily serviced or replaced. 

[0003] The multiple pole motors and rotational or lin- 
ear actuators also typically require that connections be 
made between the motors, the actuators and a circuit 
board or a lead frame interconnection assembly. The 
connections, which are commonly made by hand, typi- 
cally add additional steps to the assembly processes of 
the finished products. Furthermore, mechanical inter- 
connections, such as those effectuated through solder- 
ing processes, are common in the assembly of motors 
for use as actuators. Such mechanical interconnections, 
and particular those in which soldering is used, may 
pose environmental and health related concerns. In ei- 
thercase, the issues involved are potentially threatening 
to the efficient and cost effective manufacture of multiple 
pole motors. 

SUMMARY 

[0004] A control valve assembly for the rotary or linear 
actuation of control valves using contactless technology 
and the use of direct integration of electronic componen- 
try into a circuit board or lead frame interconnection as- 
sembly is described herein. The assembly includes a 
contactless motor, a control valve in mechanical com- 
munication with the contactless motor through a gear 
system, and a lead frame interconnection assembly 
having electronic componentry relevant to the contact- 
less motor and the control valve integrally formed there- 
in. The contactless motor includes a commutator mag- 
net disposed on a rotor shaft thereof. The commutator 
magnet is in magnetic communication with at least two 



commutator chips integrally formed with the lead frame 
interconnection assembly. The control valve includes a 
throttle element disposed in a throttle bore., an output 
shaft depending from the throttle element, and at least 

5 one position sensing magnet disposed on an end of the 
output shaft distal from the throttle element. The position 
sensing magnet is in magnetic communication with at 
least one position sensor integrally formed with the lead 
frame interconnection assembly. The throttle element 

10 may be a throttle plate rotatably positioned within the 
throttle bore, or it may be a linearly translatable device 
positioned in the throttle bore. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0005] 



FIGURE 1 is a schematic diagram of a rotational 
control valve assembly incorporating electronic 
componentry integrated into a lead frame intercon- 
nection assembly, 

FIGURE 2 is a schematic diagram of a linearly ac- 
tuatable device incorporating electronic componen- 
try integrated into a lead frame interconnection as- 
sembly. 

FIGURE 3 is a perspective view of a motor for use 
in either a rotary actuatable control valve or a line- 
arly actuatable device. 



30 DETAILED DESCRIPTION 

[0006] Referringto FIGURE 1 , a control valve assem- 
bly is shown generally at 10 and is hereinafter referred 
to as "assembly 1 0". Although assembly 1 0 can be used 

35 to control the flow of any type of gas, assembly 10 typ- 
ically controls the flow of air through the rotational mo- 
tion of a rotor shaft 12 of a motor, shown generally at 
14. Such rotational motion generally provides for the 
controlled flow of air to an internal combustion engine 

to (not shown). Assembly 10 comprises a valve, shown 
generally at 16, and motor 14 in operable communica- 
tion with each other through a gear system. Motor 14 is 
in electronic communication with electronic componen- 
try mounted on a lead frame interconnection assembly 

^5 18 positioned adjacent to the end of rotor shaft 12 and 
an end of an output shaft 20 of valve 1 6. The electronic 
componentry receives input data through an external 
electrical connector 22 and transmits such input data to 
motor 14. Valve 16, motor 14, and lead frame intercon- 

50 nection assembly 18 are mechanically and electrically 
integrated with each other and are housed in a casing 
24. 

[0007] Valve 1 6 comprises a throttle element connect- 
ed to output shaft 20. The throttle element may be a 
55 throttle plate 26. Output shaft 20 is rotatably mounted 
within a throttle bore that allows air to be conducted to 
the intake system of the internal combustion engine. 
Bearings 28 support output shaft 20 and throttle plate 
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26 within the throttle bore and define a throttle valve axis 
about which throttle plate 26 rotates to meter the flow of 
air through the throttle bore. 

[0008] Output shaft 20 is driven by an output gear 30 
mounted thereon. Output gear 30 is driven by motor 14 
through a configuration of idler gears 32, which are in 
turn driven by a pinion 36 disposed on rotor shaft 12. 
Pinion 36 transmits torque from motor 14 through idler 
gears 32 simultaneously reducing the torque and apply- 
ing the torque to output gear 30. 
[0009] Disposed on an end of output shaft 20 distal 
from throttle plate 26 are position sensing magnets 38. 
Position sensing magnets 38 are fixedly mounted cir- 
cumferentially about an outer surface of output shaft 20 
and extend beyond the end of output shaft 20 to define 
a recess bounded circumferentially by position sensing 
magnets 38 and by an end surface 40 of output shaft 20 
at one end of the recess. The positioning of position 
sensing magnets 38 is such that magnetic flux lines ra- 
diate parallel to the axis of rotation of output shaft 20. 
The rotation of output shaft 20 effectuates the angular 
motion of position sensing magnets 38 about the throttle 
valve axis. 

[0010] Positioned on lead frame interconnection as- 
sembly 1 8 proximate the end of output shaft 20 is a po- 
sition sense flux carrier 42. Position sense flux carrier 
42 comprises at least two crescent-shaped members 
having spaces therebetween arranged to form a cylin- 
drical structure. The cylindrical structure is dimensioned 
to be accommodated within the recess defined by the 
configuration of position sensing magnets 38 disposed 
on the end of output shaft 20. Position sensing magnets 
38 effectuate the generation of a magnetic field that var- 
ies with the rotation of output shaft 20, while position 
sense flux carrier 42 provides a flux path for the varying 
magnetic field. 

[0011] A position sensor 44 is positioned on lead 
frame interconnection assembly 1 8 in a space between 
two of the crescent-shaped members that are arranged 
to form the cylindrical structure of position sense flux 
carrier 42. Position sensor 44 is a magnetic sensor that 
is responsive to variations in the magnetic field gener- 
ated by the angular motion of position sensing magnets 
38 about position sense flux carrier 42. The varying 
magnetic field sensed by position sensor 44 is thereby 
converted to a voltage value that is used to provide feed- 
back to the operator of assembly 1 0. Such feedback typ- 
ically includes data relative to the amount of rotation of 
throttle plate 26 within the throttle bore, thereby provid- 
ing the operator with an indication of the amount of air 
being metered through valve 16. 
[0012] A commutator magnet 46 is fixedly mounted 
on an end of rotor shaft 12 distal from motor 14. Com- 
mutator magnet 46 is typically cylindrical in shape and 
is positioned such that a gap is defined between com- 
mutator magnet 46 and lead frame interconnection as- 
sembly 18. Longitudinally defined quadrants of the cy- 
lindrical commutator magnet 46 comprise alternating 



north and south poles configured such that magnetic 
flux lines radiate parallel to the axis of rotation of rotor 
shaft 12. 

[0013] Also positioned on lead frame interconnection 

s assembly 18 are commutation chips 48. Commutation 
chips 48 are magnets incorporated directly into lead 
frame interconnection assembly 18 at points adjacent 
the gap defined by commutator magnet 46 and lead 
frame interconnection assembly 18. 

10 [0014] Another piece of electronic componentry dis- 
posed on lead frame interconnection assembly 1 8 is an 
insulator displacement terminal receptor 50. Insulator 
displacement terminal receptor 50 is configured to re- 
ceive an insulator displacement terminal 51 disposed on 

15 the ends of motor leads 52 depending from a statorcon- 
nector 54 of motor 14. Insulator displacement terminal 
receptor 50 is positioned on lead frame interconnection 
assembly 18 to provide electronic communication be- 
tween the electronic componentry on lead frame inter- 

20 connection assembly 18 and motor 14. 

[0015] External electrical connector 22 is disposed on 
lead frame interconnection assembly 18 to provide a 
port into which an electrical lead (not shown) can be re- 
ceived and frictionally retained. External electrical con- 

25 nector 22 is in electronic communication with position 
sensor 44, insulator displacement terminal receptor 50, 
and commutator chips 48 through lead frame intercon- 
nection assembly 18. Lead frame interconnection as- 
sembly 18 has position sensor 44, insulator displace- 

30 ment terminal receptor 50, and commutator chips 48 in- 
tegrally formed therein, thereby eliminating the need for 
separate mechanical interconnects and hand connec- 
tions to be made. 

[0016] Referring now to FIGURE 2, an embodiment 

35 in which the control valve assembly is modified to pro- 
vide for linear actuation of a device is shown generally 
at 110 and is hereinafter referred to as "assembly 110". 
The device (not shown) requiring linear actuation may 
be a valve. Assembly 1 1 0 is substantially similar in struc- 

40 ture and componentry to assembly 1 0 as shown in FIG- 
URE 1 . Assembly 110 comprises an output shaft 120 in 
operable communication with a motor 114 through a 
gear system. A lever 116 is disposed on and is in me- 
chanical communication with output shaft 1 20. The gear 

45 system is substantially similar to the gear system of the 
embodiment of FIGURE 1. Motor 114 is in electronic 
communication with electronic componentry mounted 
on a lead frame interconnection assembly 1 8 positioned 
adjacent to the end of a rotor shaft 1 1 2 of motor 1 1 4 and 

so an end of output shaft 120. 

[0017] The gear system includes an output gear 130 
disposed on output shaft 120, As rotor shaft 112 is axi- 
ally rotated, torque is transferred through the gear sys- 
tem to output gear 130. As output gear 130 is rotated, 

55 lever 116 disposed on output shaft 120 is correspond- 
ingly moved to effectuate the linear translation of the 
componentry of the linearly actuatable device. 
[0018] Referring now to FIGURE 3, motor 14, which 
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is incorporable in either assembly 10 of FIGURE 1 or 
assembly 110 of FIGURE 2, is shown in greater detail. 
Motor 14 includes motor leads 52, which are character- 
ized by conductive elements 56 disposed within insula- 
tor displacement terminal 51 . Conductive elements 56 
provide for electrical communication between the stator 
of motor 14 and the insulator displacement terminal po- 
sitioned on the lead frame interconnection assembly. 
[0019] While preferred embodiments have been 
shown and described, various modifications and substi- 
tutions may be made thereto without departing from the 
spirit and scope of the invention. Accordingly, it is to be 
understood that the present invention has been de- 
scribed by way of illustration only, and such illustrations 
and embodiments as have been disclosed herein are 
not to be construed as limiting to the claims. 



Claims 

1 . A control valve assembly, comprising: 

a contactless motor; 

a control valve in mechanical communication 
with said contactless motor through a gear sys- 
tem; and 

a lead frame interconnection assembly, said 
lead frame interconnection assembly having 
electronic componentry relevant to said con- 
tactless motor and said control valve integrally 
formed therein. 

2. The control valve assembly of claim 1 wherein said 
contactless motor comprises a commutator magnet 
disposed on a rotor shaft thereof, said commutator 
magnet being in magnetic communication with at 
least two commutator chips integrally formed with 
said lead frame interconnection assembly. 

3. The control valve assembly of claim 1 wherein said 
control valve comprises, 

a throttle element disposed in a throttle bore, 
an output shaft depending from said throttle 
element, and 

at least one position sensing magnet dis- 
posed on an end of said output shaft distal from said 
throttle element. 

4. The control valve assembly of claim 3 wherein said 
at least one position sensing magnet is in magnetic 
communication with at least one position sensor in- 
tegrally formed with said lead frame interconnection 
assembly. 

5. The control valve assembly of claim 4 wherein'said 
at least one position sensing magnet is in magnetic 
communication with a position sense flux carrier in- 
tegrally formed with said lead frame interconnection 



assembly. 

6. The control valve assembly of claim 1 wherein said 
lead frame interconnection assembly comprises an 

5 insulator displacement terminal receptor integrally 
formed therein, said insulator displacement termi- 
nal receptor being configured and dimensioned to 
receive an insulator displacement terminal from a 
stator of said contactless motor. 

10 

7. The control valve assembly of claim 1 wherein said 
lead frame interconnection assembly comprises an 
external electrical connector integrally formed 
therein, said external electrical connector being 

15 configured and dimensioned to provide electronic 
communication between an operator and said lead 
frame interconnection assembly. 

8. The control valve assembly of claim 3 wherein said 
20 throttle element is a throttle plate rotatably posi- 
tioned in said throttle bore. 

9. The control valve assembly of claim 3 wherein said 
throttle element is a linearly translatable device. 

25 

1 0. A lead frame interconnection assembly, comprising: 
a plurality of electronic componentry integrally 
formed therein. 

30 11. The lead frame interconnection assembly of claim 
1 0 wherein said electronic componentry comprises 
commutation chip magnets configured to be re- 
sponsive to a commutator magnet disposed on a 
rotor shaft of a motor. 

35 

12. The lead frame interconnection assembly of claim 
1 0 wherein said electronic componentry comprises 
at least one magnetic sensor configured to be re- 
sponsive to at least one position sensing magnet 

40 disposed on an actuatable device. 

13. The lead frame interconnection assembly of claim 
1 2 wherein said actuatable device is a rotatably ac- 
tuatable control valve. 

45 

14. The lead frame interconnection assembly of claim 
1 2 wherein said actuatable device is a linearly ac- 
tuatable control valve. 

50 15. The lead frame interconnection assembly of claim 
1 0 wherein said electronic componentry comprises 
an insulator displacement terminal receptor, said in- 
sulator displacement terminal receptor being con- 
figured to receive an insulator displacement termi- 

55 nal depending from a stator of a motor. 
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Fig. 3. 



